Vitamin D supplementation among Polish medical university students: a cross--sectional study ABSTRACT Background. The data on vitamin D (VD) supplementation rationales and rates among undergraduates of medical universities is limited. We aimed to investigate the rate of students who declare VD supplementation, and factors that influence the decision on VD supplementation.
Introduction
Vitamin D (VD) is a fat-soluble vitamin acquired by sunlight-stimulated dermal synthesis and ingested with food (e.g. milk and dairy, fish). VD plays a pivotal role in the regulation of calcium and phosphorus homeostasis [1, 2] . Furthermore, some studies suggest an immunomodulating function [3, 4] , effects on the cardiovascular system [5, 6] , adiposity [7] , lipid profile [8] , and many others.
Poland is localised in Central Europe between the latitude of 49°and 54°N. Due to limited seasonal insolation, the local population is at great risk of VD deficiency [9, 10] . It was estimated that 90% of the Polish population had VD (25-hydroxyvitamin D, 25[OH]D) below optimal level (< 30 ng/ml), 66% had VD deficiency (< 20 ng/ml), and 16% suffered from VD severe deficiency (< 10 ng/ml) [11] . Moreover, Płudowski et al. found that in the Polish population people aged 15-30 years had significantly lower 25(OH)D serum concentration than those aged 70-80 years [11] . Sewerynek reported that all healthy women aged 20-30 years included in the supplementation trial had suboptimal 25(OH)D serum concentration, and most of them had VD deficiency [12] .
The current guidelines of VD supplementation for Poland highlight the need of at least seasonal sup-plementation of VD in adults from October through April or throughout the year among individuals without exposition to sunlight during warm months [13] . The recommended dose of VD for non-obese is 800-2000 UI daily, and for obese 1600-4000 UI daily. It is postulated that the engagement of medical professionals in counselling VD intake seems to be crucial to improve the VD status of the population [13] . In this context, involvement of future medical professionals may play a key role in the promotion of VD supplementation.
It is suggested that health education targeting young persons can help maintain positive health behaviour in the population [14] . Bukic et al. reported that medical university undergraduates who had experience in taking a dietary supplement increased by 27 times the odds that they would recommend the supplement to their patients [15] . Interestingly, student's education did not influence their personal use of dietary supplements [15] . From this perspective, it is worth investigating VD supplementation and rationales for or against VD intake among medical undergraduates. The results may help to detect factors influencing the personal decision to take VD and consequently the recommendation of VD supplementation in future practice.
To date, there have been few studies on VD-related information of students of medical universities [16, 17] , and none of them investigated populations from Central Europe. Furthermore, recent studies focused mostly on the knowledge of the respondents, not on personal experience and rationales for or against supplementation of VD. To date, little is known about the factors influencing the personal decision about VD supplementation of undergraduates of medical universities. To address this question a cross-sectional survey study was performed.
We aimed to investigate the rate of students who declare VD supplementation, and factors which influence the decision on VD supplementation.
Material and methods

Population
The study population consisted of students of medical university in Poland. The OpenOLAT system (Zurich, Switzerland) was used to create a survey and collect the data. The system is a platform for conducting theoretical exams at the university and the survey was performed after an exam. Written consent from the organisers of exams were obtained. Each respondent could fill out the questionnaire only once. According to the regulations of local IRB the study did not require ethical approval for anonymous survey. The data were collected from 1 st November 2018 to 30 th April 2019.
Survey
An author's questionnaire containing questions about: VD supplementation, persons from students environment who supplement or recommend VD supplementation (family doctor, medical specialist, relative, friend), the most important personal rationale for initiation of or resignation from VD supplementation, the daily dose of VD, the period of the supplementation, sex, BMI category, and age was prepared. The term "medical specialist" referred to physicians with 4.5-6.5 years of postgraduate specialisation training. The survey was originally prepared and performed in Polish (MK). For publication purposes, the questionnaire was translated to English (MW) and the English version was independently translated into Polish by a researcher who previously did not see the original text (AU). All language inaccuracies were corrected jointly by the authors (MK, MP, MW, AU, DZZ). The survey is shown in both Polish and English versions in Supplementary Table S1 . We excluded all incomplete surveys from the analysis.
Statistical analysis
Statistical analysis was performed with STATISTI-CA 12.0 (StatSoft, USA). The normality of distribution of the distributions of the variables was tested using Kolmogorov-Smirnov's test with Lillefors correction. Due to a lack of normality, non-parametrical tests were performed. Data were presented as median (IQR) or number (percentage). Mann-Whitney U test and chi-square test were used to compare groups of students who declared or denied VD supplementation.
To assess factors that may influence VD supplementation, we performed univariate and multivariate logistic regression analysis. The dependent variable in the model was declared VD supplementation (coded as one) or denied VD supplementation (coded as null). The independent variables in the model were: sex (female coded as one), age equal to or above the median (coded as one), year of studies equal to or above the median (coded as one), faculty (medicine coded as one vs. non-medicine coded as null), BMI categories, responses to the each question about the student environment (yes coded as one), and the median or more of total number of positive responses to the questions about the student environment (coded as one). To multivariate logistic regression model have been chosen variables with a p-value < 0.1 in the aforementioned univariate regression analysis. Differences with p-value < 0.05 were considered statistically significant. Figures were generated using the forestplot, package of R [18] . ). General characteristics and comparisons between groups who declared or denied VD supplementation are presented in Table 1 . There were significant differences between both groups in age, years of study, and positive response to the questions: "Family doctor recommended VD supplementation", "Medical specialist recommended VD supplementation", and "A person from my group of friends recommended VD supplementation". 
Personal rationales
The most important personal rationale for VD supplementation were: knowledge acquired during the studies -153 (52.1%), knowledge gained beyond the studies 45 (14.9%), medical specialist recommendation -34 (11.2%), relative recommendation -28 (9.2%), family doctor recommendation 10 (3.3%), pharmacist recommendation -3 (1.0%), and others -11 (3.6%). Among the category "others" the most frequent were presence of pregnancy or disease -6 (2.0%) and dietician recommendation -2 (0.7%). The personal reasons for resignation from VD supplementation were: lack of motivation -199 (68.2%), considering the supplementation as a waste of money -20 (6.8%), personal belief iof little significance of VD for health -14 (4.8%), lack of knowledge about VD properties -13 (4.5%), and others -47 (16.1%). Among the category "others" the most frequent were: personal lack of need of VD supplementation -15 (5.2%), forgot about VD supplementation -8 (2.7%), proper VD status -4 (1.4%), and history of urolithiasis -3 (1.0%). 
Proper vitamin D supplementation
Logistic regression analysis
In univariate logistic regression analysis, we found a significant relationship (p < 0.05) between declaration of VD supplementation and studying in the faculty of medicine (OR = 1.82; 95%CI: 1.32-2.53), family doctor recommendation (OR = 1.91; 95%CI: 1.14-3.20), medical specialist recommendation (OR = 4.21; 95%CI: 2.28-7.77), and a friend recommendation (OR = 0.64; 95%CI: 0.43-0.97) ( Supplementary Table S2 ). In multivariate logistic regression analysis VD supplementation was positively associated with studying in the medicine faculty (OR = 1.89; 95%CI: 1.33-2.68) and family doctor recommendation (OR = 1.82; 95%CI: 1.05-3.14), (OR = 4.03; 95%CI: 2.15-7.54), and it was negatively associated with friend recommendation (OR = 0.58; 95%CI: 0.38-0.90) ( Fig. 1 ).
Discussion
The presented study is, to the best of our knowledge, the first study on VD supplementation among medical undergraduates, with the largest study population, and the only one that tried to assess the rationales of VD supplementation. We found that 50.9% of respondents declared VD supplementation. The real rate of the students who properly supplement VD could be underestimated due to the exclusion of all responses without precise indication of the dose, e.g. "one pill". Lhamo et al. reported that 24.6% of Indian students of the medical university were aware of the recommended dose of VD [17] . Boland noted that only 8% of students (both medical and non-medical universities) correctly identified the recommended VD dose [16] . In the study of knowledge and attitudes of British adults towards VD, the authors reported that 39% of the respondents www.journals.viamedica.pl/medical_research_journal knew the reference nutrient intake of VD, and ~16% of all participants declared VD supplementation according to the local guidelines [19] . Taken together, the detailed knowledge about recommended VD intake seems to be limited in the investigated population.
Bukic reported no difference between medical, dental, and pharmacy students in the use of dietary supplements [15] . We found that students from the medicine faculty were more eager to supplement VD in comparison to undergraduates from non-medicine faculties. We hypothesise that clinical teaching and discussion on the choice of treatment of diseases requiring VD supplementation may convince students to start personal VD intake. Students from other faculties should be especially encouraged to undertake VD supplementation because their clinical experience may be limited in comparison to students from the faculty of medicine.
The recommendation of the medical specialist had the highest odds ratio among factors influencing the decision on VD supplementation. Similarly, family doctor recommendation was positively associated with VD intake, but not pharmacist recommendation. This may reflect the order of authority among professionals.
We found a negative association between friend recommendation and VD supplementation. This could be related to the ineffective encouragement of non-supplementing undergraduates by their social environment. However, there is a possibility that some students may present a sceptical attitude toward health recommendation from non-medics. Interestingly, VD supplementation among relatives did not influence the decision on VD intake. These observations could also be explained by limited trust in health recommendations from non-professionals. Moreover, most of the respondents who declared VD supplementation expressed knowledge acquired during/beyond the studies as the most import rationales for VD intake. However, those factors were not significant in the regression model. To our best knowledge, no studies have addressed the relationship between the recommendation of the student environment and the decision on VD supplementation. Our results may be valuable for medical educators in the context of VD supplementation. The two major problems preventing the students from proper supplementation were: 1) lack of motivation and 2) irregular intake. The first problem may be solved by sharing their own experience or presenting the evidence supporting VD supplementation. To deal with irregular intake, we propose the one-time purchase of VD for long-term intake. Finally, our study indicated that physician authority was significant to convince medical undergraduates to supplement VD. This emphasises the importance of counselling for VD intake by physicians.
The authors acknowledge several limitations of this study. Firstly, there were a limited number of respondents from faculties other than medicine, pharmacy, and dentistry. Secondly, the design of the study includes bias associated with the willingness of the students to take part in the survey; the questionnaire was designed to be as simple as possible, but the response rate was only ~42%. Finally, the data are limited only to students of medical university without comparison to peers without healthcare-associated training.
Conclusion
Half of the undergraduates declared VD supplementation. Studying in the medicine faculty and physicians' recommendations were positively associated with VD intake. VD supplementation should be promoted among students. Educators should mainly focus on the motivation of the students to have regular intake.
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